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RELATION OF THE FOLLICULAR HORMONE TO
FEATHER FORM AND PATTERN IN THE FOWL*
C. H. DANFORTH
Edgar Allen was probably the first to suspect tha-t the ovarian
follicular hormone, which he had found to be an estrogenic agent
in mammals, might have a feminizing effect onthe plumage of birds.
About a year after the appearance of the first paper by Allen and
Doisy' on extraction of the follicular hormone of the pig, Allen with
his collaborators reported2 that an estrogenic substance could like-
wise be extracted from small and medium-sized follicles in the ovary
of the hen. He thus demonstrated to his own satisfaction the non-
specficity of the substance, and it seemed to him natural to expect
that thedistinctive secondary sexual characteristics of the female bird
would prove to be under the control of this ovarian follicular
hormone.
Dr. Allen did not himself pursue this phase of the problem, but
he followed developments in the field with an appreciative interest.
As soon as the hormone became availalble in adequate amounts he
sent a quantity of it to the writer with a request that tests be made
on proper avian material. The substance, which had been taken up
in corn oil, was low in effective units and, as was learned later, even
the maximum amounts used were far too small to be effective on the
plumage of birds. Consequendy, no positive results were obtained
at that time. But a few years later Allen's early inference was fully
justified by the entirely independent work of Juhn and Gustavson,"2
who first showed unequivocally that the hormone obtained from the
liquor folliculi of mammals iscapableofproducing feminizing effects
onthe plumage ofthe common fowl.
This discovery provided a new and convenient technic forverify-
ing and extending the findings of many previous workers and it
quickly became well established that the regenerating plumage of
the male, thecapon, or the ovariectomized female could be rendered
more or less completely female in type by the injection of adequate
amounts of follicular hormone during early stages of feather growth.
Since female plumage is less conspicuous than is that of the male or
* From the Department of Anatomy, Stanford University School of Medicine,
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castrate (Fig. 1), the follicular hormone is often referred to as an
inhibitor of the "unconditioned or male type of plumage." There
may be some question as to the wisdom of regarding the action of
the hormone in this light, and it seems desirable to reconsider its
rle from time to time, particularly with reference to functionally
related hormones. For this purpose commercial synthetic prepara-
tions* have been used on the assumption that they at least approxi-
mate the naturally occurring substances.
It is well known that capons differ from males of the same geno-
type in the possession of a more luxuriant plumage, the excess some-
times being as much as 12 to 15 per cent (Turner'7). A further
peculiarity of capon plumage is a tendency toward more or less con-
tinuous moulting and replacement, especially in the neck hackle
where an abundance of pin-feathers can usually be found. Since
plumage ofthe cockdiffers from that ofthe hen rather less than does
plumage of the capon, it might be suspected that the testes produce
a small amount -of estrogenic hormone, that the two hormones have
effects differing only in degree, or that the situation is less simple.
When it was found that minute amounts of crystalline testoster-
one propionate placed under the skin of capons with the genetic
formula HH would feminize feathers in the immediate vicinity
(Danforth7), it seemed desirable to make similar tests on capons with
the genotype hh to see if here too the very slight approach which
plumage of the normal male makes toward that of the female is
likewise conditioned by a male hormone. The results were not
entirely satisfactory, since no effective concentration was found which
did not also produce marked systemic effects, thus leaving open the
possilbility that some other endocrine gland might have been sec-
ondarily involved. Excessive dosages of testosterone failed to pro-
duce any feminization of plumage beyond that of the normal male,
which is quite in contrast with what had been found in capons having
an H in their genotype. Figure 2 shows the effect of heavy dosage
with testosterone on comb and bearing, and its relative lack of effect
on plumage, in an hh capon.
The results with testosterone make it appear that in hh males
ovarian hormones may not be necessary for the attainment of normal
male plumage any more than they are for the acquisition of henny
* The writer wishes to acknowledge his indebtedness for various hormonal mate-
rials to Mr. G. S. Baker of Ciba Pharmaceutial Products, Inc., to Dr. E. A. Doisy
and the Parke, Davis Company, and to Dr. Max Gilbert of the Schering Corporation.
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plumage in the H- birds. These particular experiments afford no
evidence that the testis of the fowl produces an estrogenic hormone,
and they indicate that, even if it does, such a hormone is not neces-
sary for the production of the normal or henny-type male plumage.
The findings suggest caution in drawing the inference that because
a "feminine" trait in the male is ordinarily maintained only in the
presence of testes these organs necessarily secrete a female hormone.
Both theelin and testosterone can be, and perhaps usually are,
immediately effective in or at least very near to, the follicle itself
(Greenwood and Blyth;`' 'Espinasse10) and it seems not unlikely
that a thyroid hormone may act similarly. Even with the gonads
present, if the thyroid influence is removed (Parkes and Selye"5)
new feathers tend to elongate beyond normal and many barbules fail
to form. A number of these different lines of investigation indicate
that feather structure in the domestic fowl depends primarily on
factors, as yet little understood, which, acting alone, tend to cause
a more or less continuous activity of many of the follicles with an
elongation of the feather and a failure of much of its potential bar-
bule tissue to differentiate (Danforth'). Thyroxin regulates this
growth to some degree, inducing a relative shortening of the feather
and an almost full development of the barbules. Theelin and testo-
sterone have similar effects, the former being in this isespect about
equal to thyroxin, the latter far inferior. Since all of these (and
other substances as well) increase the complexity of feather struc-
ture and favor a more integrated growth pattern, it would seem quite
as reasonable to regard them as stimulators of full feather develop-
ment as to think of them as "inhibitors of male plumage." It is
interesting that viewed in this light the ovarian follicular hormone
would appear as a growth-promoting substance in relation to the
plumage of the fowl as Allen early came to consider it in relation to
various tissues in the mammal.
Data thus far discussed relate only to gross structure and are
applicable equally to white or colored feathers. Until recently,
although much was known of the pigmentophores (Strong"6), they
seem to have been regarded as locally differentiated cells whose pig-
ment-forming activities were thought to represent more or less
incidental by-products of the metabolism of surrounding tissues.
When the first color mosaics were obtained following transplanta-
tion of skin between different breeds it seemed necessary to assume
that they must be theproduct of fusion of parts of two different folli-
cles or that some kind of "induction" was involved. Later study of
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the cytology of these feathers (Danforth4) showed that genetically
different pigmentophores, even when intermingled, maintain their
individuality and must be considered as independent regulators of
color. The study left little doubt that pigmentophores migrate to
some extent during feather development. The in vitro studies by
Dorris8 and transplantation experiments by Eastlick,9 and especially
by Willier and Rawles20 (see this paper for literature) have condu-
sively demonstrated the origin of these pigmentoblasts from the
neural crest, and have established their autonomy. Consequently,
one of the current problems is to evaluate factors controlling pig-
mentophore movements and thedevelopment ofcolor patterns.
Development of the feather has been extensively studied and
darified byLillie and his collaborators (Lillie"3), but for present pur-
poses it maysuffice to recall that it is derived from ectoderm which is
so organized around a connective tissue core that the shaft is differ-
entiated along the "dorsal" side of the pin-feather and tips of the
barbs appear on the opposite "ventral" side. In a developing pin-
feather from the back or neck of a Sebright capon the distal ends of
the terminal and sub-terminal barbs are chiefly free because barbules
fail to develop there, although present in the more basal portions.
Pigmentophores containing rod-shaped black pigment granules
arrange themselves below the most ventral of these barbules and
feed their pigment into them. This results in the appearance of two
dark lines along the ventro-lateral aspect of the pin-feather (Fig. 3,
left.) In the golden Sebright there are, in addition, other pigmento-
phores with shorter brown granules, and these transmit their color to
the centrally placed barbules. In silver Sebrights no pigmento-
phores comparable to the latter are apparent, although there are
reasons for thinking that they are present in a non-functional form.
When one of these feathers expands it shows a white (or yellow)
peripheral fringe, a dark band, and a white (or yellow) central area
(lateral feathers in Fig. 4).
If proper amounts of theelin are administered, barbules form
all the way down to the ventral ends of the barbs, and the black
pigmentophores, again selecting the most distal barbules, now pro-
duce a single dark line on the ventral aspect of the pin-feather (Fig.
3, right). When expanded this gives the pattern shown in the cen-
tral feathers of Fig. 4. This relation of the black pigmentophores to
the most distal barbules, wherever they may be, is further illustrated
in Fig. 5. Finally, Fig. 6 shows sample feathers from the neck
which have pure white tips despite the presence of a narrow zone of
16FOLLICULAR HORMONE AND FEATHER FORM
axial barbules. Following promptly on the injection of 10 mg. of
testosterone propionate, there was a slight increase in barbule forma-
tion accompanied by deposition of black pigment in the most lateral
of them.
Earlier studies (Danforth5) indicate that individual pigmento-
phores are highly specific as to the kind of pigment they produce.
At what time the different types that may occur in the same feather
become differentiated-and to what extent they are monophyletic
or polyphyletic with reference to any one feather-remains to be
determined. In the neck feathers just mentioned it is difficult to
imagine that new pigmentophores could be so prompitly called into
the developing feather, an event which, according to Watterson,19
does not occur a;t all in down feathers during their period of growth.
It would seem more probable that pigmentophores are present all
the time in these growing neck feathers, but that barbule-producing
tissues can respond to a threshold of theelin concentration slightly
lower than that required to induce pigment formation. On the basis
of such an assumption one might suspect that the reason for the pre-
vailing coincidence of black pigment and lateral barbules is to be
found in local concentrations above the thresholds for both.
While it does not show clearly in the figures, there is a diminu-
tion of pigment concentration along the medial margins of the black
zones, much as Nickerson"4 finds on the proximal margins of bars
in Plymouth Rock feathers, and it is not unlikely that the two
phenomena are comparable. Nickerson's evidence that the pigmen-
tophores tend to inhibit each other and Twitty's striking demonstra-
tion"8 of the mutual repulsion of salamander pigmentophores in vitro
leave little further doubt as to the possibility of pattern development
through the interaction of pigmentophores among themselves. It is
interestingto find that mutations affectingcolor and pattern of feath-
ers exercise their effect almost entirely through the pigmentoblasts.
These pigmentdblasts, however, come into relation with, and are
conditioned by various other features in their environment. In the
developing feather there are gradients between tip and base, and
periphery and axis (Lillie"3), and it would appear that, according
to the 'breed, some pigmentoblasts are sensitive to one of these
gradients, some to the other, as illustrated in the patterns of barred
Plymouth Rocks and silver Sebrights.
In addition to their responsiveness to gradients in growth of
tissues, many pigmentoblasts respond to theelin and other hormones,
but the nature of the response is almost as varied as are the breeds
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of fowl. In one case theelin causes black feathers to be replaced
by brown, in another the reverse is true (Danforth3). In the golden
Sebright, as has been shown, the effect of theelin on developing
saddle feathers of the capon is to change the position, but not the
color or continuity, of the black stripe, the essential elements of the
pattern being maintained. In other breeds the color pattern may be
completely broken down by theelin and replaced by a fine and more
or less irregular mosaic.
In conclusion, it maybe said that in the common fowl the ovarian
foll,icular hormone does not appear to act as an inhibitor of feather
growth, except to the extent that full specialization of parts results
in a shorter feather; that it does not seem to be necessary for realiza-
tion of male plumage in either HH or hh birds; and that it has a
pronounced effect on pigmentophores or certain genetic constitutions
and perhaps little or no effect on others. These are not the proper-
ties originally ascribed to this hormone, but the recognition of them
is in line with recent trends toward which no one has contributed
more than did Edgar Allen.
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20 Willier, B. H., and M. E. Rawles: Physiol. Zool., 1940, 13, 177-99.FIG. 1. Feathers of golden Sebrights. From left to right: female, slightly hypogonadic male,
castrate. The form of these feathers and the marginal black bands are the points of interest.
'V
FIG. 2. Two photographs of a genetically cock-feathered (hh) Sebright-colored capon weighing
about 1030 gm., to show the relatively marked effect of testosterone propionate on the comb and
attitude and its relatively slight effect on the plumage of birds of this genotype. This specimen
was castrated when 5 weeks old, and the left photograph was taken 2 years and 10 months later.
The right photograph was taken 9 weeks after the first, during which time several small crystals
of testosterone propionate were implanted and, during the middle of the period, 0.7 mg. in an oil
medium were injected. A few feathers from wing-coverts, back, and tail were plucked immediatey
after taking the first photograph.FIG. 3. Developing hackle feathers viewed from the under side to show, on the left, two linies
of pigmentophore conlcentration corresponding in position to the most distal barhules on each barb
and, on the right, a single line due to the proximity of barbules of the two halves of the vane.
FIG. 4. Correspondence of pattern in silver (right) and golden (left) Sebrights. The two
lateral are from the saddle, the two central from the breast.
FIG. 5. Feathers of a silver Sebright showing from left to right successively greater extenision
of harbules and correspondilng lateral migration of the peripheral black hand.
FIG. 6. Hackle feathers of a silver Sehright showving effects of a sinigle iinjectioin of 10 mg. of
testosterone l)rolioinate.